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(57)Abstract: 

PURPOSE: To improve the luminance and life of an AIGaInN light emitting 
diode. 

CONSTITUTION: A 500&angst; AIN buffer layer 2, high carrier concentration 
n+-layer 3, approx. 2.2 flm in film thickness and 2X 1018/cm3 in electron, 
density, made of silicon-doped GaN, low carrier concentration n-layer 4, 
approx. 1.5/im and 1 x 1016/cm3, composed of non-doped GaN, low carrier 52^ 
concentration p-layer 51, approx. 0.5// m and 1 x 1016/cm3 in hole density, £ [ 
made of Mg-doped GaN, and high carrier concentration p-»— layer 52, approx, 
0.2 U m and 2 x 1017/cm3 in hole density, are formed on a sapphire 
substrate 1 in this order. The n-layers is of double structure of the low 
carrier concentration n-layer 4 and high carrier concentration n-t— layer 3 in 
the ord r from the one nearest the p-layer; the p-layers is also of double 
structure of the low carrier concentration p-layer 51 and high carrier 
concentration p+-layer 52 in the order from the one nearest the n-layers. 
As a result, the luminance and life are improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has be n translat d by computer.So the translation may not r fleet the original pr cis ly. 

2. **** shows the word which can not be translated. 
3.1n th drawings, any words are not translated. 



CLAIMS _^ 

[Claim(s)] 

[Claim 1] n type nitrogen-3 group element compound semiconductor {AlxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are included) 
from — n becoming layers p type nitrogen-3 group element compound semiconductor (AlxGaYIn1-X-YN;X=0, Y= 0, and 
X=Y=0 are included) from — p becoming layers They are n layers of low carrier concentration, and high carrier 
cone ntration n+ to the order from the side which is the light emitting device equipped with the above, and joins the n 
aforem ntioned layers to the p aforementioned layers. They are p layers of low carrier concentration, and high carrier 
cone ntration p+ to the order from the side which considers as dual structure with a layer and joins the p aforementioned 
layers to the n aforementioned layers. It is characterized by considering as dual structure with a layer. 



[Translation done.] 
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* NOTICES * 

• * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has b n translated by computer. So the translation may not reflect the original precisely. 
2.**sM= shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the nitrogen-3 group element compound semiconductor light emitting device 

of blue luminescence. 

[0002] 

[Description of the Prior Art] Conventionally, it is GaN as blue light emitting diode. The thing using the compound 
semiconductor of a system is known. The GaN Since the compound semiconductor of a system is a transited [ directly ] 
typ , it attracts attention from that luminous efficiency is high, making into the luminescent color blue it is [ blue ] one in 
three primary colors of the light, etc. 

[0003] Recently and GaN It is p type GaN by also setting, doping Mg and irradiating an electron ray. Being obtained became 
clear. Consequently, GaN which changes to junction to n conventional layers and a conventional half^insulating layer (i 
lay rs), and has pn junction Light emitting diode is proposed. 
[0004] 

[ProbI m(s) to be Solved by the Invention] However, even if it is the light emitting diode which has the above-mentioned pn 
junction, luminescence brightness is not yet enough and sufficient thing is not obtained about the life. Then, the purpose of 
this invention is a nitrogen-3 group element compound semiconductor (AlxGaYInl -X-YN;X=0, Y= 0, and X=Y=0 are 
includ d). It is protracting raising the luminescence brightness of light emitting diode, and an element life. 
[0005] 

[Means for Solving the Problem] this invention — n type nitrogen-3 group element compound semiconductor (AlxGaYInl - 
X-YN;X=0, Y= 0, and X=Y=0 are included) from — with n becoming layers p type nitrogen-3 group element compound 
semiconductor (AlxGaYInl -X-YN;X=0, Y= 0, and X=Y=0 are included) In the nitrogen-3 group element compound 
semiconductor light emitting device which has p becoming layers from — They are n layers of low carrier concentration, 
and high carrier concentration n+ to the order from the side which joins n layers to p layers. They are p layers of low 
carri r concentration, and high carrier concentration p+ to the order from the side which considers as dual structure with a 
lay r and joins p layers to n layers. It is characterized by considering as dual structure with a layer. 

[0006] n type the layer and p which participate in the above-mentioned pn junction directly Carrier concentration the layer 

of type Abbreviation etc. is by carrying out in the range of 1x1014 to 1x1016-/cm3, and things are desirable. 

[0007] 

[Function and Effect of the Invention] Since this invention made low carrier concentration of the layer of the side near pn 
junction, made high carrier concentration of the layer of the side which keeps away from pn junction and formed both n 
layers and p layers in the double layer, its luminescence brightness improved, luminescence brightness — lOmcd(s) it is 
pn junction GaN of the former [ brightness / luminescence / this ] the luminescence brightness of light emitting diode — 
comparing — 2 It improved twice. Moreover, a luminescence life is 104. It is time and is the conventional pn junction GaN. 
1.5 of the luminescence life of light emitting diode It is twice. 
[0008] 
[Example] 

In 1st xample drawing 1 , light emitting diode 10 has silicon on sapphire 1, and it is AIN of 500 ** to the silicon on sapphire 
1. The buffer layer 2 is formed, the buffer-layer 2 top — order — thickness 2.2 [ about ] mum and silicon dope GaN of 
2x1018/of concentration of electrons cm 3 from — high carrier concentration n+ which changes A layer 3 and thickness 
abbreviation 1.5 micrometers and non dope GaN of 1x1016/of concentration of electrons cm 3 from — 4 is formed n layers 
of low carrier concentration which changes furthermore — low — carrier concentration n layer 4 top — order — thickness 
0.5 [ about ] mum and Mg dope GaN of 1x1016/of hole concentration cm 3 from — it changes — low — carrier 
cone ntration p layer 51 and thickness 0.2 [ about ] mum and high carrier concentration p+ of 2x1017/of hole 
cone ntration cm 3 The layer 52 is formed. And high carrier concentration p+ The electrode 8 formed with the nickel linked 
to th lectrode 7 and the high carrier concentration n+ layer 3 which were formed with the nickel linked to a layer 52 is 
formed. Insulating separation of an electrode 8 and the electrode 7 is electrically carried out by the slot 9. 
[0009] Next, the manufacture method of the light emitting diode 10 of this structure is explained. The above-mentioned 
light emitting diode 10 is an organometallic compound vapor growth (it is described as "MOVPE" below). It was 
manufactured by the vapor growth to depend. The used gas is NH3. Carrier gas H2 and trimethylgallium (Ga3 (CH3)) (it is 
described as "TMG" below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" below) Th y are a silane 
(SiH4) and bis(cyclopentadienyl) magn slum (Mg2 (C5H5)) (it is described as "CP2Mg" below). 

[0010] First, it is MOVPE about the silicon on sapphire 1 of the single crystal which makes a principal plane the Ath page 
washed with organic washing and heat treatment. The susceptor laid in the reaction chamber of equipm nt is equipped. 
Next, gas phase etching of the silicon on sapphire 1 was carried out at the temperature of 1 100 degrees C, passing H2 to a 
reaction chamber by part for rate-ofH'low 2 liter/by the ordinary pressure. 

[001 1] Next, temperature It is made to fail to 400 degrees C, and they are a part for 20 liter/, and NH3 about H2. A part for 
10 lit r/, and TMA It supplies by part for 1.8x10 -five-mol/, and is AIN. A buffer layer 2 is abbreviation. It was formed in the 
thickness which is 500A. The temperature of silicon on sapphire 1 is held at 1150 degrees C. H2 A part for next, 20 liter/. 
http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 03/03/03 



2/4 ^— V. 

NH3 A part for 10 liter/, and TMG A part for 1.7x10 -four-mol/. H2 — 0.86 ppm up to — dilut d silan (SiH4) a part for 
200 ml/ — comparatively — coming out — for 30 minut s — supplying — thickn ss abbr via^ion GaN of 2.2 micrometers 
and 2x1018/of cone ntration of el ctrons cm 3 from — high carri r concentration n<SUP>+ which changes The layer 3 was 
form d. 

[0012] th n, th temperatur of silicon on sapphire 1 — 11 50 degrees G — holding — H2 — a part for 20 liter/, and NH3 - 

- a part for 10 liter/, and TMG a part for 1.7 x10 -four-mol/ — comparatively — coming out — for 20 minutes — supplying 

— about 1:5 microm ters of thickness, and cone ntration of lectrons 1x1016 / cm3 GaN from — 4 was formed n layers of 
low carri r concentration which chang s 

[0013] n xt. silicon on sapphire 1 — 1 150 degre s C — carrying out — H2 A part for 20 lit r/. and NH3 A part for 10 
liter/, and TMG 1.7x10 ^our-mol a part for /and CP2Mg a part for 8x10 -eight-mol/ — comparatively — coming out — for 
7 minutes — supplying — thickness 0.5 GaN of mum from — 51 was formed p layers of low carrier concentration which 
changes In this state, 51 is still resistivity 108 p layers of low carrier concentration. It is an insulator more than omegacm. 
[0014] Next, silicon on sapphire 1 was made into 1150 degrees 0, and the high carrier concentration p+ layer 52 which 
consists of H2 was formed. A part for 20 liter/, and NH3 A part for 10 liter/, and TMG 1.7x10 -four-mol a part for /and 
GP2Mg At 3x10 -seven-mol the rate for / It supplies for 3 minutes and is thickness 0.2. GaN of mum In this state, it is high 
carri r concentration p+ A layer 52 Is still resistivity 108. It is an insulator more than omegacm. 

[0015] Next, reflection-electron line diffraction equipment is used and it is above-mentioned high carrier concentration p+. 
The I ctron ray was irradiated uniformly a layer 52 and p layers of low carrier concentration 51. The irradiation conditions 
of an electron ray are lOkV of acceleration voltage, and a specimen current. They are ImlcroA, traverse-speed 0.2 mm/sec 
of a beam, beam-diameter 60micrometerphl, and degree of vacuum 2.1 x10-5Torr. By Irradiation of this electron ray, 51 Is 
hole concentration p layers of low carrier concentration. It becomes 1x1016-/cm3 and p conduction-type semiconductor 
with a r sistivity [ cm ] of 40ohms, and is high carrier concentration p+. A layer 52 is hole concentration. 2x1017-/cm3, 
resistivity It became p conduction-type semiconductor of 2-ohmcm. Thus, the wafer of multilayer structure as shown in 
drawing^ was obtained. 

[0016] Drawing 3 described below to drawing 7 is the cross section showing only one element on a wafer, and in practice, 
about the wafer with which this element was repeated continuously, processing is performed and it is cut for every element 
after that. 

[001 7] it is shown in dxawingjS — as — high carrier concentration p+ a layer 52 top — sputtering — SiO two-layer — 11 
was formed in the thickness of 2000A Next, the photoresist 12 was applied on the SiO two-layer 11. And it is high carrier 
concentration p+ by Fort Lee SOGURAFU. It sets on a layer 52 and is high carrier concentration n+. They are the electrode 
formation part A corresponding to the hole 1 5 formed so that it may result in a layer 3, and its electrode formation section 
High carrier concentration p+ The photoresist of the part B which forms the slot 9 which carries out insulating separation 
with the electrode of a layer 52 was removed. 

[0018] n xt, the SiO two-layer which is not covered by the photoresist 12 as shown In drawing 4 — 11 was removed by the 
hydrofluoric-acid system etching reagent Next, high carrier concentration p+ of the part which is not covered by a 
photor sist 12 and SiO two-layer 11 as shown in drj^wiO£.§ It is 4 and high carrier concentration n+ a layer 52, and p layer 

51 and n layers of low carrier concentration of low carrier concentration under it. After supplying degree of vacuum 
0.04Torr, RF power 0.44 W/cm2, and BCI3 gas at a rate for 10 ml/and carrying out dry etching -of the upper surface of a 
layer 3 part, dry etching was carried out by Ar. At this process, it is high carrier concentration n+. The hole 15 for 
electrode drawing to a layer 3 and the slot 9 for insulating separation were formed. 

[0019] n xt, it is shown In drawing 6 — as — high carrier concentration p+ the SiO two-layer which remains on the lay r 

52 — 11 was removed by the hydrofluoric acid Next, as shown In drawing 7 , the nickel layer 13 was formed by vacuum 
vaporationo all over the upper [ of a sample ]. Thereby, in a hole 15, it is high carrier concentration n+. The nickel layer 13 

electrically connected to the layer 3 is formed. And a photoresist 14 is applied on the nickel layer 13, and the photoresist 
14 Is high carrier concentration n+ by Fort Lee SOGURAFU. A layer 3 and high carrier concentration p+ Pattern formation 
was carried out to the predetermined configuration so that the electrode section to a layer 52 might remain. 
[0020] N xt, as shown in drawing 7 , the outcrop of the lower layer nickel layer 13 was **********ed by the nitric-acid 
syst m etching reagent by using the photoresist 14 as a mask. At this time, the nickel layer 13 by which vacuum 

vaporationo was carried out to the slot 9 for insulating separation is removed completely. Next, an acetone removes a 
photoresist 14 and it is high carrier concentration n+. The electrode 8 of a layer 3, and high carrier concentration p+ The 
electrode 7 of a layer 52 was left behind. Then, like the above, the processed wafer was cut for every element and obtained 
the gallium-nitride system light emitting device of pn structure shown in drawing 1 . 

[0021] thus, the place which measured the luminescence intensity of the manufactured light emitting diode 10 — lOmcd it 

is — GaN of the pn junction of the former [ brightness / luminescence / this ] the luminescence brightness of light emitting 

diode — comparing — It was double precision. Moreover, a luminescence life is 104. It is time and is GaN of the 

conv ntional pn junction. It compares with the luminescence life of light emitting diode, and is 1.5. It was twice. 

[0022] In addition, it is methyl bis(cyclopentadienyl) magnesium (C6H7) Mg 2 besides the gas above-mentioned [ the doping 

gas of the magnesium Mg used in the above-mentioned example ]. You may use. 

[0023] The concentration of electrons of 4 Is 1x1014 - 1x1016-/cm3 the n layers of the above-mentioned low carrier 
cone ntration. Thickness 0.5 to 2 micrometer is desirable, concentration of electrons 1x1016-/cm3 since luminescence 
intensity will fall if It becomes the above, it Is not desirable — 1x1014-/cm3 Since the s ries resistance of a light emitting 
devic will b come high too much if it becomes the following, and it will generate h at if curr nt is passed, it is not 
desirable. Moreover, thickness Since the series r sistance of a light emitting device will b come high too much if set to 2 
micrometers or more, and it will generate heat If current is pass d, thickn ss desirably Since lumin scence intensity will fall 
if set to 0,5 micrometers or less, it is not desirable. 

[0024] Furth rmore, high carrier concentration n+ Cone ntration of electrons of a lay r 3 1x1016 - 1x1019-/em3 
Thickness 2-10 micrometers is desirable, concentration of electrons 1x1019-/cm3 since crystallinity will get worse if it 
becomes the above, it is not desirable — 1x1016-/cm3 Since the series resistance of a light emitting device will become 
high too much if it becomes the following, and it will generate heat If current is passed, it is not desirable. Moreover, since a 
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substrate will curve if thickness is s t to 10 micrometers or more, thickness desirably Since the series resistance of a light 
emitting d vice will become high too much if set to 2 micrometers or less, and it will g nerate heat if current is passed, it is 
not d sirabie. 

[0025] Moreover, th hole concentration of 51 is 1x1014 - 1x1016-/cm3 the p layers of the above-m ntion d low carrier 
cone ntration. Thickness is 0.2-1. mum is desirabi . hole cone ntration 1x1016-/cm3 if it b comes th above, since 
matching with 4 will become bad n layers of low carrier cone ntration and luminous efficiency will fall, it is not d sirabie — 
1x1014-/cm3 If it b comes the following, since s ri s resistance will becom high too much, it is not d sirabie. Mor over, 
thickness If set to 1 micrometers or more, since series r sistance will b come high, thickness is 0,2 desirably. If it b comes 
below mum, since luminesc nee brightness will fail, it is not desirable. 

[0026] Furthermore, high carrier cone ntration p+ Hole cone ntration of a layer 52 1x1016— 2x1017-/cm3 Thickness is 0.2. 
mum is desirable. Hole concentration 2x1017-/cm3 The above p+ A layer is not made. 1 x1016-/cm3 Since series 
resistance becomes high when it comes to the following, it is not desirable. Moreover, thickness is 0.5. If it becomes more 
than mum, since series resistance will become high, thickness is 0.1 desirably. If it becomes below mum, since the injection 
fficiency of a hole will decrease, it is not desirable. 

[0027] In 2nd example drawing 8 , light emitting diode 10 has silicon on sapphire 1, and it is AIN of 500 ** to the silicon on 
sapphire 1 . The buffer layer 2 is formed, the buffer-layer 2 top — order — thickness 2.2 [ about ] mum and concentration 
of electrons Silicon dope GaN of 2x1018-/cm3 from — high carrier concentration n+ which changes A layer 3 and 
thickness abbreviation 1.5 micrometers and concentration of electrons Non dope GaN of 1xl016-/em3 from — 4 is form d 
n layers of low carrier concentration which changes furthermore — low — carrier concentration n layer 4 top — order — 
thickness 0.5 [ about ] mum and Mg concentration Mg dope GaN of 5x1019-/cm3 from — it changes — low — high- 
impurity-concentration i layer 61 and thickness 0.2 [ about ] mum and Mg concentration High high-impurity-concentration 
i+ of 2x1020-/cm3 The layer 62 is formed. 

[0028] And it is 61 and high high-impurity-concentration (+ i layers of the low high impurity concentration. Hole 
concentration formed into p conduction type by electron beam irradiation in the predetermined field of a layer 62, 
r spectively They are 501 and hole concentration p layers of low carrier concentration of 1x1016-/cm3. High carrier 
concentration p+ of 2x101 7-/em3 The layer 502 is formed. 

[0029] Moreover, high high-impurity-concentration i+ It is high high-impurity-concentration [ from the upper surface of a 
lay r 62 ] i+. 4 is penetrated a layer 62, and i layer 61 and n layers of low carrier concentration of low high impurity 
concentration, and it is high carrier concentration n+. The hole 15 which results in a layer 3 is formed. It passes along the 
hole 15 and is high carrier concentration n+. The electrode 81 formed with the nickel Joined to the layer 3 is high high- 
impurity-concentration i-*-. It is formed on the layer 62. Moreover, high carrier concentration p+ In the upper surface of a 
lay r 502, it is high carrier concentration p+. The electrode 71 formed with the nickel to a layer 502 is formed. High carrier 
concentration n+ The electrode 81 to a layer 3 is high carrier concentration p+. It is [ as opposed to / 501 / a layer 502 
and p layers of low carrier concentration ] high high-impurity-concentration i+. Insulating separation is carried out by 61 a 
layer 62 and i layers of low high impurity concentration. 

[0030] Next, the manufacture method of the light emitting diode 10 of this structure is explained. .Draw[ng_9 which shows a 
manufacturing process to drawing 15 is a cross section only about one in a wafer, and the next manufacture processing is 
performed about the wafer with which the element shown in drawing in fact was formed repeatedly. And finally, a wafer is 
cut and each light emitting device is formed. 

[0031] The wafer shown in .drawing 9 is manufactured like the 1st example, next, it is shown in drawing 10 — as — high 
high-impurity-concentration i+ a layer 62 top — sputtering — SiO two-layer — 11 was formed in the thickness of 2000A 
Next, the photoresist 12 was applied on the SiO two-layer 11. And it is high high-impurity-concentration i+ by Fort Lee 
SOGURAFU. It sets in a layer 62 and is high carrier concentration n+. The photoresist of the electrode formation part A 
corresponding to the hole 15 formed so that it may result in a layer 3 was removed. 

[0032] next, the SiO two-layer which is not covered by the photoresist 12 as shown in drawing 1 1 — 11 was removed by 
the hydrofluoric-acid system etching reagent Next, high high-impurity-concentration i+ of the part which is not covered by 
a photoresist 12 and SiO two-layer 11 as shown in drawing 12 They are 4 and high carrier concentration n+ a layer 62, and 
i lay r 61 and n layers of low carrier concentration of low high impurity concentration under it. After supplying degree of 
vacuum 0.04Torr, RF power 0.44 W/cm2, and BGI3 gas at a rate for 10 ml/and carrying out dry etching of the upper surface 
of a layer 3 part, dry etching was carried out by Ar. At this process, it is high carrier concentration n+. The hole 15 for 

lectrode drawing to a layer 3 was formed, next, it is shown in drawing 13 — as — high high-impurlty-concentratlon i+ the 
SiO two-layer which remains on the layer 62 — 11 was removed by the hydrofluoric acid 

[0033] Next, as shown in drawing 14 , it is high high-impurlty-concentratlon i+. Hole concentration which uses reflection- 
electron line diffraction equipment only for the predetermined field of 61, Irradiates an electron ray a layer 62 and i layers 
of low high Impurity concentration, and shows p conduction type, respectively High carrier concentration p+ of 2x1017- 
/cm3 501 was formed a layer 502 and p layers of low carrier concentration of 1x1016/of hole concentration cm 3. 
[0034] The irradiation conditions of an electron ray are lOkV of acceleration voltage, and a specimen current. They are 
ImleroA, traverse-speed 0.2 mm/sec of a beam, beam-diameter 60micrometerphi, and degree of vacuum 2.1 x10-5Torr. At 
this time, it Is high carrier concentration p+. A layer 502 and portions other than p layer 501 of low carrier concentration. 
I.e., the portion by which an electron ray was not irradiated, are high high-lmpurity-concentratlon i+ of an Insulator. It Is still 
61 a layer 62 and i lay rs of low high impurity concentration. Therefore, high carrier concentration p+ A layer 502 and p 
layers of low carrier concentration, 501 is [ as opposed to / the circumference / In a longitudinal direction ] high high- 
impurity-coneentratlon I+, although it flows in 4 n layers of low carrier concentration to lengthwise. Insulating separation Is 
electrically carried out by 61 a layer 62 and I layers of low high Impurity concentration. 

[0035] Next, as shown in drawing 15 , It is high carrier concentration p+ A layer 502 and high high-lmpurlty-concentration 
i+ A layer 62 and high high-impurity-concentration 1+ It passes along the upper surface and the hole 15 of a layer 62, and is 
high carrier concentration n-*-. The nickel layer 20 was formed in the layer 3 of vacuum evaporationo. And a photoresist 21 
Is applied on the nickel layer 20, and the photoresist 21 Is high carrier concentration n+ by Fort Lee SOGURAFU. A layer 3 
and high carrier concentration p+ Pattern formation was carried out to the predetermined configuration so that the 
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el ctrode section to a layer 502 might remain. Next, tlie outcrop of th low r layer nick I lay r 20 
the nitric-acid syst m tching reagent by having used the photoresist 21 as the mask, and the ac ton r moved the 
photoresist 21. Thus, as shown in drawing 8 , it is high carrier cone ntration n+. The lectrod 81 of a lay r 3, and high 
carri r cone ntration p+ The I ctrod 71 of a layer 502 was formed. Th n, the wafer formed as mentioned above was cut 
for every lement. 

[0036] thus, the plac which measured the luminesc nc intensity of the manufactured light emitting diode 10 — the 1st 

xample — the same — lOmcd it is — a luminescence life — 104 It was time. 
[0037] As shown in 3rd exampi draLVSMn^ J 6 , light emitting diode 10 can also be constituted, nam ly, a buffer-layer 2 top — 
order — thickness 0.2 [ about ] mum and hole concentration High carrier cone ntration p+ of 2x1017— /cm3 A layer 52 and 
thickness 0.5 [ about ] mum and Mg dope GaN of 1x1015/of hole cone ntration cm 3 from — 51 is formed p layers of low 
carri r concentration which changes and the p layer 51 top of low carrier concentration — order — thickness abbreviation 
1.5 micrometers and concentration of electrons Non dope GaN of 1x1015-/cm3 from — it changes — low — carrier 
concentration n layer 4 and thickness 2.2 [ about ] mum and concentration of electrons Silicon dope GaN of 2x1018-/cm3 
from — high carrier concentration n+ which changes The layer 3 is formed, 

[0038] And high carrier concentration p+ The electrode 72 and high carrier concentration n+ which were formed with the 
nickel linked to a layer 52 The electrode 82 formed with the nickel linked to a layer 3 is formed. An electrode 82 and an 

I ctrode 72 are high carrier concentration n+. Insulating separation is electrically carried out by the layer 3 and the slot 91 
formed in 51 n layer 4 and p layers of low carrier concentration of low carrier concentration. 

[0039] Thus, unlike the 1st example, this example makes reverse deposition sequence over the substrate 1 of p layers and 
n lay rs. Manufacture can be performed like the 1 st example. 

[0040] It sets to the light emitting diode of the 1st example of the structure shown in 4th example drawing 1 , and is 51 and 
high carrier concentration p+ the high carrier concentration n+ layer 3, and n layer 4 and p layers of low carrier 
cone ntration of low carrier concentration. The layer 52 was set to aluminum0.2Ga0.5In0.3N. respectively. High carrier 
cone ntration n+ The layer 3 added silicon, formed it in 2x1018/of concentration of electrons cm 3, and formed 4 in 
1x1016/of concentration of electrons cm 3 by impurity additive^ree n layers of low carrier concentration, p layers of low 
carrier concentration, magnesium (Mg) is added, an electron ray is irradiated. It forms in electron hole concentration 1 
x1016-/cm3. and 51 is high carrier concentration p+. Similarly a layer 52 adds magnesium (Mg). irradiates an electron ray. 
and is I ctron hole concentration. It formed in 2x1017-/cm3. And high carrier concentration p+ The electrode 7 and high 
carrier concentration n+ which were formed with the nickel linked to a layer 52 The electrode 8 formed with the nickel 
linked to a layer 3 was formed. 

[0041] N xt, the light emitting diode 10 of this structure as well as the light emitting dtode of the 1st example can be 
manufactured. Trimethylindium (In3 (CH3)) is TMG, TMA, a silane. and GP2Mg. In addition to gas, it was used. Generation 
temperature and the quantity of gas flow are the same as the 1st example. Trimethylindium Except for supplying by part for 
1.7x10 ^our-mol/. the flow rate of other gas is the same as that of the 1st example, 

[0042] Next, like the 1 st example, reflection-electron line diffraction equipment is used and it is above— mentioned high 
carrier concentration p+. The electron ray was irradiated uniformly a layer 52 and p layers of low carrier concentration 51, 
and p conduction-type semiconductor was able to be obtained. 

[0043] thus, the place which measured the luminescence intensity of the manufactured light emitting diode 10 — lOmcd it 
is — GaN of the pn junction of the former [ brightness / luminescence / this ] the luminescence brightness of light emitting 
diod — comparing — It was double precision. Moreover, a luminescence life is 104. It is time and is GaN of the 
conventional pn junction. It compares with the luminescence life of light emitting diode, and is 1.5. It was twice. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Dra w ing 1] The block diagram having shown the composition of the light emitting diode concerning the 1st concrete 
example of this invention. 

[Drawing 2] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 3] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[QLawing_4] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 5] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 6] The cross section having shown the manufacturing process of the light' emitting diode of this example. 
[Drawing 7] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[&rawiDS 8] The block diagram having shown the composition of the light emitting diode concerning the 2nd concrete 
example of this invention. 

[Drawing 9] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 10] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 11] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 1 2] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 1 3] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 14] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 15] The cross section having shown the manufacturing process of the light emitting diode of this example. 
[Drawing 16] The block diagram having shown the composition of the light emitting diode concerning the 3rd concrete 
example of this invention. 
[Description of Notations] 
10 — Light emitting diode 

1 — Silicon on sapphire 

2 — Buffer layer 

3 — Quantity carrier concentration n+ Layer 

4 — n layers of low carrier concentration 

51.501 — p layers of low carrier concentration 

52.502 — Quantity carrier concentration p+ Layer 

61 — i layers of low high impurity concentration 

62 — Quantity high-impurity~concentration i+ Layer 
7, 8, 71, 72, 81, 82 — Electrode 

9 91 — Slot 
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